oxygen masks. Breath to breath values of FIo2 were calculated by extrapolation from expired oxygen and carbon dioxide concentrations on the basis of the oxygencarbon dioxide relationship and on the assumption of a respiratory exchange ratio (R) of 0-8. Results In both groups of subjects the average values of FIo2 with nasal cannulas at 1 and 2 1 min-' were of a similar order to those achieved with 24-5% and 28% Venturi masks, but variations within and between subjects in both groups breathing via nasal cannulas were considerable and similar to those found with MC masks. In the seven patients with chronic obstructive lung disease breathing via nasal cannulas at 21 min-the average FIO2 varied from 23-7% to 34 
Results

VARIATION OF Fio2 WITHIN AND BETWEEN
SUBJECTS
The coefficients of variation (CV) within and between subjects were similar in normal subjects and patients ( slightly, but significantly, greater than the directly measured values and showed a similar mean (SD) bias of 0-38% (0-34%) in normal subjects and 0-33% (0-30%) in the patients.
RELATION OF ESTIMATED FIO2 TO SaO2
Increases in Sao2 with the various devices were consistent within subjects and showed similar curvilinear relationships (fig 2) . 
Discussion
Precise control of inspired oxygen concentration (FIo2) is desirable during acute hypercapnic exacerbations of chronic obstructive lung disease, when uncontrolled oxygen administration may be dangerous.6 Various methods have been used previously to estimate FIo2 in normal subjects breathing via nasal cannulas.1 278 Green,7 for example, using tonometry, found mean values of 27% and 31% with oxygen flows of 1 and 2 1 minm respectively. No such information is available in patients with lung disease. Moreover, most methods of estimating FIo2 have serious limitations even in healthy subjects.3 Direct sampling of inspired gas close to the mouth will not reflect the average FIo2 with nasal cannulas or MC mask accurately because of local streaming of added oxygen and because of variations in overall ventilation and in the pattern of breathing. Even when inspired gas is sampled in the pharynx or trachea mean values are difficult to obtain because the concentration profile varies with the instantaneous flow. The extrapolation associated with the expired gas sampling method theoretically should give representative mean values for FIo2 in each breath. The method has some limitations, however, and attempts were made to overcome them during this study. If expiration is prolonged, the oxygen and carbon dioxide concentrations in the expired gas approach those of mixed venous blood and the values no longer lie on a unique straight line as the R value of the sampled lung units falls progressively.4 For this reason reservations have been expressed over applying this method to patients with lung disease where the pattern of alveolar emptying is abnormal. To minimise this effect we sampled expired gas early in the "alveolar plateau"; the similarity of the estimates of FIo2 obtained in patients and normal subjects supports the validity of this approach, as also do the coherent relationships of arterial oxygen saturation to estimated FIO2 (fig 2) . A "typical" R value of 0-8 was assumed but the consistent slight overestimation of FIO2 during breathing via the Venturi mask suggests that this might not have been correct. Calculation shows that the small bias found could be explained if the true R value was on average 0-86 rather than 0 8.
The study was designed to mimic real life conditions and no attempt was made to control the breathing pattern of individual subjects. Different masks and cannulas were used for each subject, as is normal in clinical practice, and some of the variability between subjects probably reflects minor differences in the performance of individual devices. The variability of FIo2 within and between subjects in clinical practice, however, is likely, if anything, to be underestimated in this study because of the short period over which measurements were made and because the patients were in a stable state. The variability with nasal cannulas during an acute exacerbation is likely to be appreciably greater than that found here.
The results of this study confirm the considerable variability of Fio2 both within and between subjects breathing via nasal cannulas. They emphasise the unpredictable performance of these devices, which are unsatisfactory if precise control of inspired oxygen is desired.
with nasal cannulas. 
Variability of inspired oxygen concentration
